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INTRODUCTION
The fornix divides into the precommissural and postcommissural fornix around the anterior commissure. The precommissural fornix is the main neural pathway between hippocampal formation and septal nuclei, and contributes to central regulation of emotional behavior, motivation processes, and memory function. [1] [2] [3] [4] [5] Many studies have reported on postcommissural fornix function and injury in the human brain; [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] in contrast, little is known about the precommissural fornix, even though it has been explained in many "neuroanatomy" textbooks and atlases. [17] [18] [19] This seems to be mainly ascribed to the fact that the precommissural fornix is not easily discriminated with adjacent structures on conventional brain MRI.
el, and applied in the present study utilizing tractography routines implemented in FMRIB Diffusion (5000 streamline samples, 0.5 mm step lengths, curvature thresholds=0.2). [24] [25] [26] The precommissural fornix and the post commissural fornix were determined by selection of fibers passing through seed and target regions of interest (ROI). For analysis of the precommissural fornix, we placed the seed ROI on the septal nucleus on the coronal image (Fig. 1) . 18, 19 We defined the location of the septal nucleus as ventral to the septum pellucidum, superior to the hypothalamus, and below the rostrum of corpus callosum. 18, 19 The target ROI was placed on the crus of the fornix on the coronal image. For analysis of the postcommissural fornix, we placed the seed ROI on the mammillary body on the axial image. We defined the location of the mammillary body as dorsal to the hypothalamus and ventral to the interpeduncular fossa. The target ROI was placed on the crus of the fornix on the coronal image. Among the 5000 streamline samples generated from each seed voxel, tractography outputs from each individual subject were thresholded and binarized to include only those voxels through which at least one streamline sample passed. Values of fractional anisotropy (FA), mean diffusivity (MD), and tract volume of the precommissural and postcommissural fornix were measured.
Two authors (Yeo SS and Seo JP) performed random analyses of the data to measure inter-observer and intra-observer variations. The consistency rates of analysis were moderate for the comparisons made by the two observers (K=0.654, p=0.000) and the two sets of analyses made by one analyser (Yeo SS) (K=0.654, p=0.000).
Statistical analysis
Data were analyzed using SPSS software (v.15.0; SPSS Inc., Chicago, IL, USA). Intra-observer and inter-observer reproducibility of the precommissural fornix was evaluated using kappa statistics. Values of FA, MD, and tract volume of the precommissural and postcommissural fornix were analyzed with an independent t-test for determination of variances between the right and left hemispheres. Statistical differences in DTI parameters between the precommissural and postcommissural fornix were determined by the independent t-test. Results were considered significant when the p-value was <0.05.
RESULTS
The precommissural fornix originated from the hippocamThe recent development of diffusion tensor tractography (DTT), which is derived from diffusion tensor imaging (DTI), allows for visualization and localization of neural tracts at the subcortical level in three dimensions. 20 Accordingly, DTT has been used for three-dimensional visualization of the architecture and assessment of the state of the postcommissural fornix, which is associated with cognitive function. [12] [13] [14] [15] 21, 22 However, except for one case report, no DTT study on the precommissural fornix in the human brain has been performed. 23 In the current study, using DTT, we attempted to visualize the precommissural fornix in the human brain.
MATERIALS AND METHODS Subjects
Thirty-six normal healthy subjects (21 males, 15 females; mean age, 30.92±8.27 years; range, 20 to 48) with no history of neurologic disease were recruited for the study. All participants provided written consent prior to participation in the study, which was approved by the institutional review board at our hospital.
Diffusion tensor image tractography DTI were scanned using a 6-channel head coil on a 1.5 T Philips Gyroscan Intera MRI scanner (Philips, Ltd., Best, the Netherlands) with single-shot echo-planar imaging. For each of the 32 non-collinear diffusion sensitizing gradients, we acquired 67 contiguous slices parallel to the anterior commissure-posterior commissure line. Imaging parameters were as follows: acquisition matrix=96×96, reconstructed to matrix=128×128 matrix, field of view=221×221 mm 2 , repetition time=10726 ms, echo time =76 ms, parallel imaging reduction fac tor (SENSE factor)=2, echo-planar imaging factor=49 and b=1000 s/mm 2 , number of excitations=1, and a slice thickness of 2.3 mm (acquired isotro pic voxel size 2.3×2.3×2.3 mm 3 ).
Fiber tracking
Diffusion-weighted imaging data were analyzed using the Oxford Centre for Functional Magnetic Resonance Imaging of the Brain (FMRIB) Software Library (FSL; www.fmrib. ox.ac.uk/fsl). Head motion effect and image distortion by eddy current were corrected using affine multi-scale two-dimensional registration. Fiber tracking was performed using a probabilistic tractography method based on a multifiber mod- gree of directionality of microstructures, and the MD value indicates the magnitude of water diffusion. [29] [30] [31] [32] In contrast, the tract volume was determined by the number of voxels contained within the neural tract. Therefore, a decrement of FA value and increment of MD value without significant difference of tract volume may indicate less directionality of the precommissural fiber compared to the postcommissural fiber.
Several studies have reported on the anatomy of the precommissural fornix in the animal and human brain. 23, 27, 28, 33 In 1977, using an autoradiographic method in the rat brain, Swanson and Cowan 27 found that the precommissural fornix originated solely in fields CA1-3 of the hippocampus proper and the subiculum, while the projection to the mammillary complex, which comprises a major part of the descending columns of the fornix, has its origin in the dorsal subiculum and the pre-and/or parasubiculum. In 2004, using T1-weighted 3D MRI, Watanabe, et al. 28 demonstrated that the posterior hippocampal formation was connected to the dorsal part of the lateral septal nucleus via the fimbria and the precommissural fornix in the mouse brain. As for the human brain, many neuroanatomy textbooks and atlases have explained the pathway and function of the precommissural fornix. [17] [18] [19] 23, 33 However, as for regular research studies, only two patients who showed injury of the precommissural fornix have been reported. In 2008, Vann, et al. 33 reported on a patient who had tissue loss in the precommissural and postcommissural fornix following surgical removal of a cavernous angioma. In 2005, Rollins 23 reported on a neonate with semilobar holoprosencephaly who showed an abnormal precommissural fornix on DTT. Therefore, to the best of our knowledge, this is the first original DTT study of the precommissural fornix in the human brain following Rollins's case report. 23 In conclusion, we identified the precommissural fornix in the human brain using DTT. We believe that the methodology and results of this study would be helpful to future repal formation on each hemisphere as a crus; both crura were joined to the body of the fornix. The body of the fornix continued anteriorly to the level just superior to the anterior commissure, where it divided into each column of the precommissural fornix. Each column descended anteriorly to the anterior commissure and terminated in the septal nuclei. The postcommissural fornix also originated from the hippocampal formation; however, the column passed from the posterior to the anterior commissure and terminated in the mammillary body (Fig. 1) .
Values of FA, MD, and tract volumes of the precommissural and postcommissural fornix were not different between the right and left hemispheres (p>0.05). FA values of the postcommissural fornix were significantly higher than those of the precommissural fornix (p<0.05). MD values of the postcommissural fornix were significantly lower than those of the precommissural fornix (p<0.05). Tract volumes did not differ between the precommissural and postcommissural fornix (p>0.05) ( Table 1) .
DISCUSSION
In the current study, we used DTT for identification of the precommissural fornix in the human brain. The precommissural fornix, which is divided from the body of the fornix, descended anteriorly to the anterior commissure and terminated in the septal nuclei. By contrast, the postcommissural fornix passed posteriorly to the anterior commissure and terminated in the mammillary body. These results are compatible with those of previous studies and neuroanatomy textbooks. [17] [18] [19] 27, 28 As for the DTI parameters, the FA value for the precommissural fiber was lower than that of the postcommissural fiber; in contrast, the MD value was for the precommissural fiber was higher than that of the postcommissural fiber, although there was no difference in the value for tract volume. The FA value represents the de- search on the precommissural fornix and in the elucidation of the pathology of diseases involving the precommissural fornix. However, several limitations of DTI should be considered in the interpretation of the results. [34] [35] [36] [37] First, DTI can underestimate the fiber tracts. DTI is a powerful anatomic imaging method that can demonstrate the gross fiber architecture; however, it is difficult to reflect all fibers. Second, regions of fiber complexity and crossing can prevent full reflection of the underlying fiber architecture by DTI. We suggest that additional studies on the clinical correlation and age-related changes of the precommissural fornix be undertaken.
